Aims. In spite of large overabundances of Xe ii observed in numerous mercury-manganese (HgMn) stars, Xe ii oscillator strengths are only available for a very limited number of transitions. As a consequence, several unidentified lines in the spectra of HgMn stars could be due to Xe ii. In addition, some predicted Xe ii lines are redshifted by about 0.1 Å from stellar unidentified lines, raising the question about the wavelength accuracy of the Xe ii line data available in the literature. For these reasons we investigated the Xe ii lines lying in the 3900-4521 Å, 4769-7542 Å, and 7660-8000 Å spectral ranges of four well-studied HgMn stars. Methods. We compared the Xe ii wavelengths listed in the NIST database with the position of the lines observed in the high-resolution UVES spectrum of the xenon-overabundant, slowly rotating HgMn stars HR 6000, and we modified them when needed. We derived astrophysical oscillator strengths for all the Xe ii observed lines and compared them with the literature values, when available. We checked the stellar atomic data derived from HR 6000 by using them to compute synthetic spectra for three other xenon-overabundant, slowly rotating HgMn stars, HD 71066, 46 Aql, and HD 175640. In this framework, we performed a complete abundance analysis of HD 71066, while we relied on our previous works for the other stars. Results. We find that all the lines with wavelengths related to the 6d and 7s energy levels have a corresponding unidentified spectral line, blueshifted by the same quantity of about 0.1 Å in all the four stars, so that we identified these lines as coming from Xe ii and modified their NIST wavelength value according to the observed stellar value. We find that the Xe ii stellar oscillator strengths may differ from one star to another from 0.0 dex to 0.3 dex. We adopted the average of the oscillator strengths derived from the four stars as final astrophysical oscillator strength.
Introduction
Several studies of mercury-manganese (HgMn) stars have pointed out the presence of xenon with overabundances up to 5 dex relative to the solar value log(N Xe /N tot )=−9.87 (Grevesse & Sauval 1998) . This is, for instance, the case of κ Cnc and 33 Gem, for which abundances equal to −4.87±0.13 dex and −4.90±0.07 dex were determined by Dworetsky et al. (2008) . The xenon overabundance implies the presence of numerous Xe ii lines in the spectra of the HgMn stars, but the Xe ii transition probabilities are very incomplete, when we compare the large number of transitions listed in the NIST database and the small number of them with an associated log g f -value. As a consequence, the computed spectra do not include numerous Xe ii lines, raising the doubt that some unidentified lines could just be due to Xe ii. In addition, we noticed that the wavelengths of several Xe ii lines are close, but not coincident with the wavelength of some unidentified stellar lines , so that we wondered about the accuracy of the wavelength determination from laboratory spectra.
The most complete work on Xe ii is that of Hansen & Persson (1987) , who analyzed all the published (Boyce 1936; Humphreys 1939) and unpublished Xe ii lines from 392 Å to 10220 Å obtained in laboratory by Humphreys and Boyce. In Send offprint requests to: K. Yüce their discussion on the wavelength accuracy, Hansen & Persson (1987) pointed out that the wavelength accuracy for many lines is too low to be satisfactory, mostly owing to the widely varying quality of the experimental data they used. They announced new experimental work to improve the Xe ii atomic data. Unfortunately, this work has never been published up to now, all the more so that some preliminary results had indicated that, for the high 6d and 7s levels, there were shifts of about 0.5 cm −1 between the energy levels determined from the Humphrey wavelengths and the energy levels determined from the new data. This energy difference corresponds to a difference of 0.1 Å in wavelengths. Saloman (2004) , who performed a critical compilation of all the work on energy levels and wavelengths of Xe ii made up to that time, adopted the data from Hansen & Persson (1987) for almost all the lines of the optical region. The Saloman (2004) critical compilation is the one adopted by the NIST database.
To study wavelengths and log g f -values of the Xe ii lines having intensities ≥ 100 in the NIST line list, we used UVES spectra of the four xenon overabundant HgMn stars HR 6000, HD 71066, 46 Aql, and HD 175640. They are slowly rotating stars with vsini 1.5 km s −1 , 1.5 km s −1 , 1.0 km s −1 , and 2.5 km s −1 , respectively. a Solar abundances are from Grevesse & Sauval (1998) .
found by Thiam et al. (2010) . No presence of magnetic field is found both from the inspection of the equivalent widths of the Fe ii lines at 6147.7 Å and 6149.2 Å ( Hubrig et al. 1999) and after using the FORS 1 spectropolarimeter at the VLT (Hubrig et al. 2006 ).
Model parameters and abundances of HD 71066
The starting model parameters of HD 71066, T eff =12045 K, and log g=3.9 were derived both from the Strömgren photometry and the Fe i − Fe ii ionization equilibrium constraint. The observed colors (b−y)=−0.053, m=0.122, c=0.731 β=2.769 were taken from the Hauck & Mermilliod (1998) Catalogue 3 . The synthetic colors were taken from the grid computed by Castelli for [M/H]=0 and microturbulent velocity ξ=0 km sec −1 4 . Zero reddening was adopted for this star, in agreement with the results from the UVBYLIST code of Moon (1985) . Observed c and β indices are reproduced by synthetic indices for model parameters T eff =12045 K and log g=3.9
The parameters from the photometry were used for computing an ATLAS9 model with solar abundances for all the elements and zero microturbulent velocity. Using the WIDTH code (Kurucz 2005), we derived the Fe i and Fe ii abundance from the equivalent widths of 12 Fe i lines and 26 Fe ii lines. Seven of the Fe ii lines are transitions between high-excitation energy levels, and they have experimental log g f -values. They were used to determine the iron abundance, in that they are rather independent of T eff and log g (Castelli et al., 2009 ). Then, we searched for the model atmosphere giving this same abundance from both Fe i lines and low-excitation Fe ii lines. All the adopted lines are listed in Table A .1 of Appendix A (online material). We find that the ATLAS9 model with the parameters T eff =12045 K, log g=3.9 derived from the Strömgren photometry meets the requirement of same iron abundance from all the different kinds of iron lines. In fact, it gives an average abundance log(N(Fe )/N tot ) equal to −3.88±0.08 from the Fe i lines, −3.92±0.12 from the low-excitation Fe ii lines, and −3.84±0.05 from the Fe ii highexcitation lines.
The ATLAS9 model was used to derive the abundance for all those elements that show lines in the synthetic spectrum when solar abundance is adopted for them. Whenever possible, equivalent widths were measured to derive the abundances. For weak and blended lines and for lines that are blends of transitions belonging to the same multiplet, such as Mg ii 4481 Å, He i lines, and most O i profiles, we derived the abundance from the line profiles. The synthetic spectrum was also used to determine upper abundance limits from those lines predicted for solar abundances, but not observed.
The SYNTHE code, together with updated Kurucz line lists (Castelli & Hubrig 2004a; Castelli & Kurucz 2010) , were used to compute the synthetic spectrum. The synthetic spectrum was broadened for the instrumental profile and for a rotational velocity vsini=1.5 km s −1 , which was derived from the comparison of the observed and computed profile of Mg ii at 4481 Å.
Once all the abundances had been determined in this way, we computed an ATLAS12 model for the individual abundances having the same parameters as the ATLAS9 model. We used the seven Fe ii high-excitation lines to determine the new iron abundance. The ATLAS12 parameters were then modified until obtaining the same iron abundance, within the error limits, from both the Fe i lines and the low-excitation Fe ii lines. The average iron abundances from Fe i, Fe ii low-excitation, and Fe ii high-excitation lines are −3.85±0.07, −3.87±0.12, and −3.81±0.05, respectively, for an ATLAS12 model with parameters T eff =12000 K and log g=4.1. This model also leads to good agreement between the observed and computed H α profiles. The abundances of HD 71066 derived from the ATLAS12 model either from equivalent widths or line profiles are listed in Table 1 .
We also see As ii lines at 4466.348 (weak), 4494.23 (weak), 5105.58, 5231.38, 5331.23, 5497.727, 5558.09, 5651.32, 6110.07, and 6170 .27 Å were observed in the spectrum. Owing to the lack of log g f -values for all the optical As ii transitions, we can only infer overabundance of this element in HD 71066. A guessed abundance of −6.3 dex for arsenic was derived from measured equivalent widths and from guessed log g f -values (Table A.1 and Table 1 ).
In addition to the overabundance of arsenic and to the large overabundance of iron ([+0.69] No Pt ii lines were observed. A weak line at 4046.58 Å is Hg i at 4046.56, which is surely not blended with Pt ii at 4046.433 Å, because the spectral resolution is high enough, and the rotational velocity is low enough to permit us to see Pt ii when it is present. Furthermore, the line observed is reproduced well by assuming the mercury abundance and the isotopic composition deduced from Hg ii at 3984 Å (Sect. 3.3).
The comparison with the abundances by Thiam et al. (2010) has shown close agreement between the two determinations. Because Thiam et al. (2010) use an ATLAS9 model computed for solar abundances, the ATLAS12 model computed for an individual abundance may be estimated as unnecessary. However, in addition to the closer values for the Fe i and Fe ii abundances obtained with the ATLAS12 model, the consistency of the elemental abundances in the model and in the synthetic spectrum generally gives better agreement between the observed and computed profiles, in particular for the hydrogen profiles when Heweak stars are concerned.
Emission lines
Emission lines were observed for C i, Ti ii, Cr ii, Mn ii, and possibly for Fe ii. Most emissions are so weak that we stated their presence mostly on the basis of the emissions observed in other stars, in particular HD 175640 (Castelli & Hubrig 2004a) . The emissions greater than the spectral noise are those listed in Table 2 . The atomic data are taken from the Kurucz database 5 . For Mn ii mult. 13, only the transition at 6125.861 Å shows true emission, while the other lines at λλ 6122. 434, 6126.225, 6128.734, 6129.033, 6130.796, and 6131.923 Å are observed to be much weaker than computed, so that we assume that also these Mn II lines are affected by emission.
Isotopic anomalies
We found an anomalous isotopic composition in HD 71066 for mercury and caicium. Dolk et al. (2003) have determined an anomalous isotopic composition for Hg by analyzing the line of Hg ii at 3984 Å. Table 3 shows that our results agree with theirs, while they are somewhat different from those of Thiam et al. (2010) . We also obtained very good agreement between the observed and computed line Hg i at 4046.5 Å by adopting the same isotopic composition and abundance (−6.4 dex) derived from Hg ii at 3984 Å. Castelli & Hubrig (2004b) , who interpret it as due to an anomalous calcium isotopic composition.
The Xenon abundance in HR 6000, HD 71066, 46 Aql, and HD 175640
To compute the Xe ii line spectrum we derived the xenon abundance in each star from the equivalent widths of a set of unblended Xe ii lines. The WIDTH code (Kurucz 2005) was used. The selected lines and their atomic data are listed in Table 4 . Wavelengths and log g f -values were taken from the NIST database (Version 4) 6 . We assumed the classical radiative damping constant γ R =0.2223x10
For Stark broadening we used the experimental results from Djurovic et al. (2006) . Because they are given for a temperature of T=22000 K, we investigated the effect of the temperature on the Stark damping constant γ S . We interpolated for T=12000 K in the tables from Popovic & Dimitrijevic (1997) , which list Stark widths computed at different temperatures. The last two columns of Table 4 compare γ S values from Djurovic et al. (2006) (Dj) with the interpolated values for temperature from Popovic & Dimitrijevic (1997)(PD). We found that the differences in γ S from the two sources do not affect the abundances more than 0.01 dex. The approximations of the WIDTH code were used (Castelli 2005 ) f for no available Stark damping constants and for Van der Waals damping constants.
The measured equivalent widths of the selected Xe ii lines and the corresponding abundances are given in Table 5 .
Stellar wavelengths and the astrophysical log g f -values for Xe II
Because xenon is more abundant in HR 6000 than in the other stars, we searched in the HR 6000 spectra for those Xe ii lines with an intensity equal to or higher than 100 in the NIST line list. When these lines were observed in the spectra, they were added in our line list. For lines with no available log g f -values, we assigned guessed values based on the line intensity. We examined the interval 3900-8000 Å with two gaps in the 4525 − 4780 Å and 7536 − 7660 Å regions, due to the lack of spectra in these ranges. A synthetic spectrum for HR 6000 was computed for the xenon abundance given in Table 5 and for the abundances of all the other elements as derived by Castelli et al. (2009) . In all the stars, the wavelength scale was fixed by shifting the observed spectrum on the computed spectrum until overimposing some lines with well-determined wavelength values such as Ca ii 3933.663 Å, Mg ii 4481.126 Å, 4481.150 Å , 4481.325 Å , and several strong Fe ii lines.
For all the considered Xe ii lines, we adjusted the log g fvalue until the observed and computed profiles agree best. For several lines we also adjusted the NIST wavelength, because we noticed that, while they do not have an observed counterpart, they are close to an unidentified stellar line with wavelength blueshifted up to 0.1 Å from the predicted Xe ii line.
The astrophysical log g f -values and the adjusted wavelengths were then checked on the three other stars by comparing their observed spectra with synthetic spectra computed with the Xe ii wavelengths and oscillator strengths obtained from the spectrum of HR 6000. The Xe ii abundances adopted for the three stars are those given in Table 5 . Table B .1 in Appendix B lists wavelengths and log g f -values as derived from the four stars. We found that for all the examined transitions, the stellar wavelength is the same in the four stars, except for the lines at 5260.44 Å and 6343.96 Å. The largest difference between stellar and NIST wavelength is −0.13 Å observed for the line at 4330.52 Å. This line, as well as all the other lines with ∆λ∼−0.1 Å has a 6d or a 7s level as upper level. The uncertainty of the energy of these levels is on the order of 0.5 cm −1 according to Hansen & Persson (1987) .
Figures 1, 2, 3, and 4 show the comparison of the HR 6000 astrophysical log g f -values for Xe ii with the log g f -values taken from the NIST database and with the the astrophysical log g f -values derived from the spectra of HD 71066, 46 Aql, and HD 175640, respectively (Table B .1, col. 5). The largest discrepancy with the NIST data occurs for the line at 4414.84 Å. We adopted the stellar log g f -value for it because it gives an excellent agreement between the observed and computed profiles in all the four stars we examined. The comparison of the astrophysical log g f -values of HR 6000 with those from the other stars shows that they are on average lower by about 0.04-0.05 dex than those from the other stars and that the mean square deviation from the average increases with the decrease in the xenon abundance. We note that the weaker a line, the more uncertain its astrophysical log g f -value, mostly when the noise is not negligible. In particular, red spectra are affected both by rather large noise and by numerous telluric lines that lower the accuracy of the results.
The final line list for Xe ii is shown in Table 6 . Columns 1 and 2 give the wavelength derived from the stellar spectra and the astrophysical log g f -value obtained by averaging the astrophysical log g f -values from the four stars. The associated error is the standard deviation from the mean. When it is not given, it means that the log g f -value was obtained from only one star. Columns 3 and 4 list log g f -values from the literature and the source. The literature sources are the NIST database, version 4 (NIST4), and Zíelińska et al. (2002) (ZBD). Zíelińska et al. (2002) estimate that, in general, their experimental transition rates agree with the NIST critical compilation made by Reader et al. (1980) , which is the one adopted in the NIST4 database.
The last column gives the γ S tark parameter, which was determined as described in Sect. 4. Figure 5 shows, for each studied star, the comparison of the observed and computed spectra in the region of the Xe ii line with wavelength 4462.190 Å, according to the NIST database, and 4462.090 Å, according to Table 6 . The wavelength shift of 0.1 Å and the astrophysical log g f value of +0.33, which are the same for all the stars, provide excellent agreement between the observed and computed Xe ii profiles.
Conclusions
From the high resolution stellar spectra of four HgMn stars we derived both wavelengths and log g f -values for 100 Xe ii lines, which should also be observable in the spectra of numerous others chemically peculiar B-type stars. Of these lines, only 22 lines have log g f -values available in the NIST database. The NIST wavelength of two of them, 4180.10 Å and 4330.52 Å, differs by about 0.1 Å from that observed in the spectra. There is a total of 27 lines in our sample for which the observed wavelength differs from the NIST wavelength by more than −0.06 Å with the maximum shift of −0.13 Å for the line at 4330.52 Å. We believe that the wavelength differences are mostly the result of uncorrect energy levels, in that they are all related to 6d or 7s levels, which have an uncertainty of about 0.5 cm −1 according to Hansen & Persson (1987) . This hypothesis seems us to be more relastic than that of some isotopic anomaly for Xe . For instance, using the isotopic wavelengths from Alvarez et al. (1979) , excluded that the blueshift of 0.03 Å observed for the Xe ii line at 6051.15 Å can be due to some isotopic anomaly. Instead, because no isotopic composition was considered in our computations, owing to the lack of isotopic wavelengths for Xe ii, we could explain the larger astrophysical log g f -value than the experimental one obtained for a few lines with the presence of the xenon isotopes, which should not be neglected in the computations of the strongest Xe ii line profiles. Good examples are the lines at 4844.33 Å, 5292.22 Å, and 5419.155 Å (Table 6) .
On the basis of the wavelength shifts observed in the stellar spectra we redetermined the energy of three 7s, one 5d, and eighteen 6d levels. These levels, together with the old and new energy values, are listed in Table 7 . We would like to point out that the new energy values depend, of course, on the accuracy of the energy of the lower level.
The identification of the Xe ii lines and their consequent addition in the line lists, increases the accuracy of the synthetic spectra for the CP stars. In fact, it is important to be able to reproduce their high-resolution spectra well, because these stars are an excellent tool for extending laboratory spectrum analyses for several elements. An example is the determination of new high-excitation energy levels for Fe ii from the same UVES spectra of HR 6000 used for this paper (Castelli & Kurucz 2010) . For instance, As ii is another element observed in some CP stars for which not even one log g f -value in the optical region has been found in the literature. As ii has not only been observed in 46 Aql (Sadakane et al. 2001 , Castelli et al. 2009 ), but also in HD 71066, as we have shown in this paper. If only one log g f value were given for it, we could derive astrophysical log g f -values for the other lines, just as we did for Xe ii.
The abundance analysis of HD 71066 has pointed out the overabundances of Y ii, Nd iii, Dy iii, and Au ii for the first time, in addition to the Xe ii and As ii overabundances. Those of other elements, in particular Hg, P, Ti, Cr, Mn, Fe, and Sr, have already been stated by Thiam et al. (2010) and confirmed by us.
We found that HD 71066 is a typical HgMn star with Hg and Ca isotopic anomalies and emission lines for C i, Ti ii, Cr ii, and Mn ii. He i is underabundant and the shape of its profiles indicates the presence of helium vertical abundance stratification in the atmosphere. −6.19 blend a He i profiles were compute as described in Castelli & Hubrig (2004a) . The wavelengths and log g f -values are multiplet values.
b The hyperfine structure was considered in the line profile computations. 
